Introduction {#s0005}
============

Pathogenic microorganisms and cancer are major causes of human fatality worldwide. Developing resistance to commercial antibiotics is another dilemma associated with most human pathogens [@b0005]. *Staphylococcus aureus* is a gram-positive bacterium and a member of the normal microbiota in the human body, however, it is one of the most important pathogenic bacteria, acting on a wide range of infections [@b0010]. *S. aureus* leads to a wide spectrum of diseases such as skin and soft tissue infections (SSTIs), osteoarticular infections, endocarditis, sepsis and pneumonia [@b0015], [@b0020]. The pathogen synthesizes a number of enzymes and toxins, with positive coagulase being the best known and often implicated in the etiology of a series of infections and poisonings in humans [@b0025]. On the other hand, the *Escherichia coli* is a gram-negative, rod-shaped bacterium and causes bloody diarrhea in humans. Ingestion of food contaminated by *E. coli* leads to gastroenteritis of varying severity, including symptoms such as fever, meningitis, sepsis, and urinary tract infection, etc. [@b0030], [@b0035]. Therefore, the effective control of these pathogenic bacteria with novel antibacterial agents is highly desirable [@b0040].

Similarly, cancer is also a leading cause of disease-related mortality and is characterized by an abnormal growth of cells and tissues [@b0045]. Cancer remains one of the world\'s devastating diseases and its treatment includes radiation, surgery, chemotherapeutic drugs, all of these often killing the healthy cells and causing toxicity to humans. Hepatocellular carcinoma (HCC) is one of the most common types of primary liver cancer, which accounts for approximately 70% of the cases [@b0050], [@b0055]. The number of patients of HCC is increasing steadily during the past few decades and it is becoming one of the major reasons for cancer-related deaths. It is highly likely that incidents and deaths associated with HCC will increase in the future. Moreover, exploring the possible reasons and treatments of liver cancer has always been a challenge for scientists and researchers [@b0060]. Imaging and targeted drug delivery using nanomaterials are promising nanotechnology-based approaches in anticancer research [@b0065]. Hence, the anticancer activity of nanoparticles is under the investigation of laboratory-scale to pilot-scale experimentation [@b0070].

In the past few decades, nanotechnology is an emerging area with potential applications in various areas of life sciences including biomedical applications [@b0075]. Metallic nanoparticles (NPs) have countless applications in several fields such as cosmetics, bio-engineering, water treatment, biological markers, and targeted drug and gene delivery systems [@b0075], [@b0080]. Numerous physicochemical methods are available for the production of metallic NPs, but certain limitations such as toxicity, cost, complexity, and environmental hazards hinder efficacy and consumer acceptance of nanomaterials produced through these methods [@b0075]. Green synthesis of NPs has proved to be the more reliable, cost-effective, and eco-friendly approach mostly employing microorganisms and plants [@b0085]. However, the microbe-mediated synthesis of NPs has gained much attention due to the use of non-toxic reagents and ease in downstream processing [@b0090]. AgNPs fabricated through such green methods have been investigated as antimicrobials and anticancer agents with promising results due to the capping of biomolecules in the interfacial layer [@b0045]. Utilizing bacterial cells as factories to synthesize NPs could be an efficient approach due to less resources utilization of bacteria and ease in downstream processing. Various studies have reported the biosynthesis of AgNPs by using *Bacillus* spp. as cell factories [@b0095], [@b0100], [@b0105].

Thus, the current study encompassed the bacterial-mediated synthesis of AgNPs from silver-resistant *B. safensis* strain, isolated from leader industry wastewater, and measurement of antibacterial and anticancer abilities of biogenic AgNPs against two common human pathogens and cancer cell lines.

Materials and methods {#s0010}
=====================

Sampling site and isolation of silver-resistant bacteria {#s0015}
--------------------------------------------------------

Bacterial isolation was based on dilution plate method (Somasegaran and Hoben [@b0110], from a leather industry wastewater contaminated soil sample collected from Kasur, Pakistan (31˚ 6ʹ 50 N and 74˚ 27ʹ 27 E). Ten isolates were purified by repeated culturing on media plates supplemented with AgNO~3~ (1 mM). All the isolates were then subjected to tolerate different concentrations (01, 02, 03, 04, 05, 06, 07, 08, 09 and 10 mM) of AgNO~3~ to measure the minimum inhibitory concentration (MIC) against this salt ([Table 1](#t0005){ref-type="table"}).Table 1Minimum inhibitory concentration (MIC) values of different isolates against AgNO~3~.Sr. noBacterial strainsMIC (mM)1TEN222TEN843TEN1274TEN1725TEN1856TEN3637WT648WT1339WT23310WT425

Biosynthesis of silver nanoparticles {#s0020}
====================================

Based on the maximum silver-resistance ability to isolate TEN12, it was used to synthesize the AgNPs by the intracellular method according to [@b0115]. AgNPs production was investigated at different concentrations of AgNO~3~ solution (i.e., 0.5, 1, 3, 5, and 7 mM) up to the MIC of the strain. For biosynthesis of AgNPs, *B. safensis* TEN12 culture was grown aerobically in 250 mL Erlenmeyer flask containing nutrient broth medium under shaking conditions (150 rpm) at 28 ± 2 °C for 24 h. An equal volume of different concentrations of AgNO~3~ was added in 50 mL of over nightly grown bacterial culture in 250 mL flask and incubated again at 28 ± 2 °C and 150 rpm for 24 h. The visual color shift of the reaction from pale yellow to dark brown was the clear indication of reduction of Ag^+^ ions to AgNPs. The maximum color change was observed at 5 mM of AgNO~3~ concentration and thus nanoparticles synthesized at this concentration were used for further studies. Afterward, the reaction mixture was placed in an oven at 60 °C until complete drying followed by grinding to make a fine powder. The powder was washed with ethanol three times by centrifugation at 12,000 *g* for 5 min to remove all the impurities including unreacted silver.

Molecular identification and phylogenetic study {#s0025}
===============================================

The taxonomic rank of the potent strain TEN12 was identified on a molecular level through *in silico* analyses of 16S rRNA gene sequence. The total genomic DNA of silver-resistant bacterial strain TEN12 was isolated by the CTAB method Wilson [@b0120]. The 16S rRNA gene was amplified using universal primer pair fD1 (5′- AGAGTTTGATCCTGGCTCAG-3′) and rD1 (5′- AAGGAGGTGATCCAGCC − 3′) as previously described by Weisburg*, et al.* [@b0125]. The amplicon was sequenced using Sanger's sequencing technique from Macrogen, South Korea commercially. The forward and reverse sequences retrieved from Macrogen were analyzed and the final contig was constructed using the online CAP3 assembly software package. The identity of the final sequence was confirmed by comparing it with other sequences present in the databases such as NCBI, EzBioCloud and ribosomal database project (RDP) to confirm the identity of the retrieved sequence. The phylogenetic tree of the 16S rRNA gene sequence of TEN12 and other type strains of genus *Bacillus* constructed with maximum likelihood (ML) method using the MEGA 7.0 software package. The final sequence was deposited in the Genbank of NCBI and accession was obtained.

Characterization of AgNPs {#s0030}
=========================

The reaction mixture was scanned using UV--vis spectroscopy (Shimadzu, Kyoto, Japan) to confirm the presence of AgNPs by recording the maximum absorbance (λ~max~) at a wavelength ranging from 300 to 700 nm at regular time intervals (6, 12, 18 and 24 h) according to Deljou and Goudarzi [@b0130]. FTIR (ATR-FTIR, Bruker, USA) analysis of biogenic AgNPs was used to reveal the functional groups and capping biomolecules responsible for the stability of the AgNPs. For FTIR analysis, the powder form of the biogenic AgNPs was mixed with potassium-bromide (KBr) and spectra were observed by scanning it in the range of 450--4000 cm^−1^ at a resolution of 4 cm^−1^ as demonstrated by Saber*, et al.* [@b0135]. The X-ray diffraction analysis was performed using X-ray diffractometer apparatus (STOE-Germany) with Ag Kα radiations operating at 45 kV voltage and 40 mA of current to analyze the phase conformation and crystalline nature of biogenic AgNPs. Moreover, the average size of the AgNPs was measured by Debye-Scherrer\'s formula (D = Kλ/β cosθ). The biogenic AgNPs were further characterized for size, surface morphology and characteristics using SEM (TM-1000, Hitachi, Japan), and TEM (JEM-1230, JEOL, Akishima, Japan) as described by [@b0195]. For SEM analysis, the sample was prepared on the glass slip fixed on the aluminum stub. Before SEM imaging the sample was fixed on the SEM grid by keeping the grid under a mercury lamp for 5 min for drying as reported by Fouad*, et al.* [@b0140]. For TEM analysis, small amount of AgNPs was placed on a carbon-coated copper grid, which subsequently analyzed for morphological characteristics. The EDX analysis was performed for the confirmation of metallic fractions in biogenic AgNPs. The biogenic AgNPs were analyzed through SEM, TEM, and EDX at Electron Microscopy Center of Zhejiang University, China.

Antibacterial activity of AgNPs {#s0035}
===============================

Antimicrobial activity of biogenic AgNPs was evaluated by using agar well-diffusion assay as described by Elbeshehy*, et al.* [@b0145]. The human pathogenic bacteria *S. aureus* ATCC25923 and *E. coli* ATCC25922 were grown in nutrient broth (1 × 10^8^ CFU mL^−1^) at 37 °C for 24 h and swabbed uniformly on Muller Hinton agar (MHA) media plates using a sterile cotton swab. The plates were subjected to the formation of five wells, each of 5 mm diameter, with the help of sterile borer. A volume of 20 µl of four different concentrations (*viz.,* 5, 10, 15, and 20 µg mL^−1^) of AgNPs suspensions were poured into the corresponding wells. The well supplied with the same volume of sterile deionized distilled water was used as a control to assess the comparative antimicrobial activity. The experiment was conducted in triplicate in order to achieve maximum experimental accuracy. After the incubation period, the diameters of inhibition zones were measured edge to edge across the center of the disk.

The minimum inhibitory concentration (MIC) of the biogenic AgNPs against *S. aureus* and *E. coli* strains was determined in 96-well microtiter plates (Corning-Costar Corp., Corning, NY, USA) using micro dilution method according to Ibrahim *et al.* [@b0195]. The human pathogenic bacteria were grown aerobically in the LB-broth medium at 37 °C and 150 rpm for 24 h and the cell density was adjusted to 10^8^ CFU mL^−1^. A volume of 200 µl of LB-broth medium was added into the wells of microtiter plates containing 10 µl of bacterial culture and 20 µl four different concentrations of AgNPs suspensions (*viz.,* 5, 10, 15, and 20 µg mL^−1^). LB broth medium serving as negative control received only the broth and sterile distilled water, while pathogen culture without AgNPs was the positive control and received 20 µl of sterile distilled water. The 96 wells plates were then placed in an incubator at 37 °C for 48 h under constant shaking of 200 rpm. For MIC evaluation, the plates were scanned for absorbance at the wavelength of 600 nm using a scanning microplate spectrophotometer (Thermo Fisher Scientific Inc., Waltham, MA, USA). The experiment was run with six replications and the absorbance values measured in wells with bacterial cultures were normalized with the values of negative control.

Anticancer activity (MTT assay) {#s0040}
===============================

Human hepatic (HepG2) cancer cell line and Human embryonic kidney (HEK293) normal cell line were maintained in Dulbecco's modified Eagle's medium (DMEM) with gultaMAX supplemented with 10% fetal bovine serum (FBS) (Gibco), at 37 ˚C in a humidified atmosphere containing 5% CO2. Human hepatic carcinoma cell line (HepG2) was used to study the anticancer activities of AgNps whereas non-cancerous cell line human embryonic kidney (HEK293) was used as control to identify the selectivity of AgNPs. To study the putative cytotoxic effects, cells were seeded in 96-cell culture plate at an initial concentration of 1 × 10^5^ cells/well and were incubated under the above-described conditions. Cells were treated with 20 µl of four different concentrations (5, 10, 15, and 20 µg mL^-1^\>) of AgNPs and the same volume of phosphate buffer saline (PBS) as control. The plates after treatment were incubated for 48h in order to perform MTT assay according to [@b0150]. The MTT was prepared by dissolving 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide at a concentration of 5 mg mL^-1^ in PBS. After 48h of incubation, 10 μl of MTT solution was added to each well and the plates were incubated for 4h. The purple color crystals formed were dissolved in 150 μl dimethyl sulphoxide (DMSO). The optical density (OD) was measured at 490 nm wavelength in a multi-well ELISA plate reader (Bio Tek Instruments, Inc, USA).

Observation of cell morphology {#s0045}
==============================

To investigate the effects of different concentrations of AgNPs suspensions on the morphology of HepG2 cells, the cells were seeded in a 12-well cell culture plate at a concentration of 1 × 10^5^ cells/well and incubated at 37 ˚C in a humidified atmosphere containing 5% CO~2~. Cells were treated with the above-mentioned concentrations (5, 10, 15, and 20 µg mL^−1^) of AgNPs suspension by adding 20 µl volume of each concentration. The plates after treatment were incubated for 24 h and cell morphology was examined under the phase-contrast inverted biological microscope (MEIJI TC5200, USA) after incubation.

Statistical analysis {#s0050}
--------------------

The statistical analysis of data was performed using one way analysis of variance using GraphPad Prism software (version 8.0). The Fisher's LSD test was performed to determine the least significant differences among treatment means with probability level 95% (\*), 99% (\*\*) and 99.9% (\*\*\*).

Results and discussion {#s0055}
======================

Selection and taxonomic identification of the strain TEN12 {#s0060}
----------------------------------------------------------

Our 10 isolates, TEN12 was selected for the bioengineering of AgNPs based on its maximum tolerance to AgNO~3~. The 16S rRNA gene sequence of the strain TEN12 showed 99.89% similarity with *Bacillus safensis* NBRC 100,820 (NR_113945). Further, the sequence was found 99.89% similar to the *Bacillus safensis* subsp. *safensis* FO-36b^T^ (ASJD01000027) in EzBioCloud database and the sequence was found similar to *Bacillus safensis* SAFN-037 (AY167880) in the RDP database. In the phylogenetic tree, the strain TEN12 formed a cluster with *Bacillus safensis* subsp. *osmophilus* BC09^T^ (KY990920) and *Bacillus safensis* subsp. *safensis* FO-36b^T^ (ASJD01000027) ([Fig. 1](#f0005){ref-type="fig"}). These results confirmed the taxonomic rank of the TEN12 strain as *Bacillus safensis* and hence named as '*Bacillus safensis* TEN12 (Accession no. MN121588).Fig. 1Phylogenetic tree of *B. safensis* TEN12 with the type strains and closest GenBank matches of genus Bacillus. The evolutionary history was inferred using the Maximum Likelihood (ML) method. The percentages (≥50%) of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown. The evolutionary distances were computed using the Tamura-Nei model and are in the units of the number of base substitutions per site (represented at the bottom of the tree).

Biosynthesis and characterization of AgNPs {#s0065}
==========================================

Biogenic AgNPs were synthesized intracellularly by using the *B. safensis* TEN12 and maximum color change from pale yellow to reddish-brown was observed at 5 mM AgNO~3~ concentration after 24 h due to excitation of surface plasmon vibrations [@b0155]. This indicated that there might be some inherent physiological and genetic mechanisms involved in metal-tolerant bacteria for NP biosynthesis. Earlier studies have been reported the use of *Bacillus* spp. for AgNPs biosynthesis, however, a thorough insight into the metabolic role of silver resistance in the bacterial synthesis of NPs is necessary [@b0160], [@b0165]. The bioprospecting of *Bacillus* sp. for AgNPs production has been previously reported by Deljou and Goudarzi [@b0130], who synthesized spherical-shaped AgNPs with size ranging from 7 to 31 nm by using AgNO~3~ as precursor salt. In contrast, this study firstly reported that *B. safensis* TEN12 exhibited strong resistance to AgNO~3~. The unique feature makes this bacterium a prospective candidate for biosynthesis and application of silver nanoparticles. Moreover, the biological synthesis of AgNPs has distinct advantages over chemical synthesis in terms of less resource utilization and environmental safety due to the low by-product accumulation and disposal. It is also believed that the biogenic NPs are more stable as compared to chemically-synthesized ones due to the strong capping of functional groups in the interfacial layer [@b0170].

The UV--vis spectra with a strong absorption peak at 426.18 nm after 24 h further confirmed the production of AgNPs in the reaction mixture. The synthesis of the AgNPs was confirmed at four different time intervals and no further increase was observed after 24 h ([Fig. 2](#f0010){ref-type="fig"}). The results of UV--vis analysis were found in line with Omole*, et al.* [@b0175], who reported a strong peak at 390 nm by using the culture supernatant of *B. subtilis* at 1 mM AgNO~3~ concentration, however, the current study confirmed the biosynthesis of AgNPs at at 5 mM concentration of AgNO~3~.Fig. 2UV--vis spectrum of bacterial culture containing biogenic AgNPs from *B. safensis* TEN12 after at different time intervals. The absorption-spectrum of biogenic AgNPs showed a strong peak at 426.18 nm after 24 h.

The FTIR analysis confirmed the presence of bacteria-oriented functional groups over the surface of nanoparticles. The FTIR analysis of biogenic AgNPs produced from *B. safensis* TEN12 showed strong absorption spectra at 3427.84 cm^−1^, 2929.99 cm^−1^, 1637.03 cm^−1^, 1392.11 cm^−1^ and 1104.68 cm^−1^ ([Fig. 3](#f0015){ref-type="fig"}). The presence of alcoholic hydroxyl (O-H) group and C-H stretching group of alkanes over the surface of AgNPs was confirmed by strong peaks at 3427.84 cm^−1^ and 2929.99 cm^−1^ in FTIR spectra ([Fig. 4](#f0020){ref-type="fig"}). The absorption peaks at 1637.03 cm^−1^ and 1392.11 cm^−1^ were due to the C = C stretching group of alkene and N-O stretching group of nitro compound respectively, whereas, the bending of O-H group and stretching of C-N group of amine showed absorption spectra at 1104.68 cm^−1^. Similarly, Majeed, Danish, Zahrudin and Dash [@b0150], concluded that the capping proteins prevent the nanomaterials from oxidation and deterioration that subsequently helped in the long-term stabilization of nanoparticles. In addition, AgNPs fabricated through green methods are comparatively more stable than the chemically-produced NPs, adding more significance in terms of their application as antimicrobials and anticancer agents [@b0180], [@b0185].Fig. 3Characterization of the biogenic AgNPs synthesized from *B. safensis* TEN12 (a) FTIR spectra of the biogenic AgNPsin the wavelength range of 350--4000 cm-1 (b) XRD spectrum of biogenic AgNPs.Fig. 4Imaging of the biogenic AgNPs synthesized from *B. safensis* TEN12 (a) Transmission electron microscopy (b) Scanning electron microscopy (C) EDX spectrum.

The X-ray diffraction data of AgNPs produced from *B. safensis* TEN12 showed characteristic diffraction peaks at 27.19°, 31.52°, 37.93°, 45.26°, 56.30°, 75.17° which were corresponding to 111, 200, 220, 222, 400, 420 planes, respectively ([Fig. 3](#f0015){ref-type="fig"}), of cubic silver. These diffraction planes were in agreement JCPDS data for AgNPs (JCPDS card \#: 04--0783) which revealed the crystallinity of AgNPs [@b0190]. The average particle size of biogenic AgNPs measured using Debye-Sherrer's equation was found to be 27.78 nm. Similar results have been previously described by Kalishwaralal*, et al.* [@b0195], who reported the production of AgNPs by silver-resistant *B. licheniformis* with similar diffraction peaks 111, 200, 220, and 311. SEM, TEM, and EDX analysis provided the size and surface morphology details of biogenic AgNPs synthesized from *B. safensis* TEN12. SEM and TEM analysis revealed that the biogenic AgNPs have a spherical shape with the particle size ranging from 22.77 to 45.98 nm ([Fig. 4](#f0020){ref-type="fig"}). Ibrahim*, et al.* [@b0200], obtained similar results of AgNPs with spherical shape and size ranging from 25 to 50 nm using the culture supernatant of *B. siamensis*. The elemental profile analyzed using EDX revealed that the biogenic AgNPs in addition to Ag (93.54%) also contain 3.67, 1.91 and 0.81% of chlorine (Cl), copper (Cu) and sulfur (S) respectively ([Fig. 4](#f0020){ref-type="fig"}c). Hossain*, et al.* [@b0205], previously reported that the AgNPs showed an absorption peak of the silver element at about 3 KeV and the wt% of silver and chlorine elements were about 83.1 and 16.1% respectively.

Antibacterial activity of AgNPs {#s0070}
===============================

The antibacterial potential of biogenic AgNPs is well-established in the literature due to their unique properties such as disruption of cell membranes and cell walls, interrupted ATP production, and blockage of cell transport and replication. Various studies reported that biogenic AgNPs effectively controlled the human pathogenic bacteria *S. aureus* and *E. coli in vitro* [@b0210], [@b0215]. The antibacterial activity results of AgNPs significantly suppressed the growth of human pathogens *S. aureus* and *E. coli* as compared to the non-treated control. In current study, the diameters of zone of inhibition were found to be (13.16, 16.92, 17.01 and 20.35 mm) at four varying concentrations of AgNPs (5, 10, 15, and 20 µg mL^−1^) respectively against *S. aureus*, whereas, for *E. coli* AgNPs showed diameters of zone of inhibition as 12.83 mm at 5 µg mL^−1^ concentration, 13.42 mm at 10 µg mL^−1^ concentration, 17.69 mm at 15 µg mL^−1^ concentration and 19.69 mm at 20 µg mL^−1^ concentration. The highest concentration (i.e., 20 µg mL^−1^) of AgNPs showed the maximum diameter of the zone of inhibition ([Fig. 5](#f0025){ref-type="fig"}). Similar results have been reported by Majeed, Danish, Zahrudin and Dash [@b0150], who observed the zone of inhibition (17 and 16 mm) against *E. coli* and *S. aureus* respectively, at 20 µg mL^−1^ concentration of AgNPs.Fig. 5Concentration-dependent antibacterial activity of AgNPs against *S. aureus* and *E. coli.*

*In vitro* MIC results indicated that the AgNPs significantly inhibited the growth of *S. aureus* and *E. coli* after incubation of 48 h. The four varying concentrations of AgNPs suspension (5, 10, 15, and 20 µg mL^−1^) caused (12.65, 32.91, 56.54, 78.48%) reduction of *S. aureus* respectively, and (38.50, 45.98, 63.63, 75.40%) reduction against *E. coli* at OD600, respectively ([Fig. 5](#f0025){ref-type="fig"}). Similarly, Velmurugan*, et al.* [@b0220], reported that the AgNPs possess the lowest MIC against *S. aureus* and *P. fluorescens* as compared with control. Earlier studies have suggested that the antibacterial effect of AgNPs on the pathogenic bacteria might be due to the destructive effect of different functional groups capping the NPs which support the stabilization and binding with the bacterial surface. These biogenic AgNPs are known to alter the bacterial cell permeability, disturbing cellular respiration and induce damage by reacting with proteins and DNA [@b0225], [@b0230]. Therefore, the present study, as well as the previous literature highlights the starring potential of biogenic AgNPs in the control of human pathogenic bacteria.

Cell viability and anticancer activity of AgNPs {#s0075}
===============================================

The effect of AgNPs on the viability of the cancer HepG2 cell line and a normal HEK293 cell line with different concentrations of AgNPs suspension was observed using MTT assay. Sivamaruthi*, et al.* [@b0235], previously revealed the toxic effect of AgNPs against human lung cancer A549 cell line under *in vitro* conditions. The results of our study revealed that the viability of the cancer HepG2 cell line was 84.42, 65.25, 48.76 and 36.25%, respectively, at 5, 10, 15 and 20 µg mL^−1^ AgNPs concentrations ([Fig. 6](#f0030){ref-type="fig"}). Whereas, AgNPs have no cytotoxic effect on normal HEK293 cell line ([Fig. 7](#f0035){ref-type="fig"}).Fig. 6Anticancer activity of AgNPs in various concentrations against the human hepatic (HepG2) cancer cell line. Morphological changes images were taken using an inverted phase-contrast microscope at 100X magnification.Fig. 7Anticancer activity of AgNPs in various concentrations against the human embryonic kidney (HEK293) normal cell line.

Hence, our results revealed the significant anticancer activity and cell viability of HepG2 significantly decreased with increasing the dose of biogenic AgNPs as compared to the non-treated control. Further, the effects of different AgNPs concentrations on the normal human renal cell line suggested that AgNPs have no cytotoxic effect on normal cells and can kill cancerous cells in a targeted manner. Similar results have been reported by Kahsay, RamaDevi, Kumar, Mohan, Tadesse, Battu and Basavaiah [@b0075], who observed the cytotoxic effect of AgNPs against HepG2. Their results revealed that AgNPs significantly inhibited the proliferation of human liver cancer HepG2 cell lines by inducing apoptosis and reducing DNA synthesis in cancer cells. The studies have also shown that AgNPs can pass through biological barriers of cells and interact with cell components that leads to the production of reactive oxygen species (ROS) and in turn reducing antioxidant capicities and causing apoptosis in cancer cells [@b0240], [@b0245]. In addition, AgNPs have shown to restrict angiogenesis: an essencial step in tumor growth [@b0250]. However, insufficient literature has been available until now about the AgNPs-induced toxicity mechanism and their effect on the normal human cell line. The functional groups of intracellular proteins coated on AgNPs might be involved in cytotoxicity and the killing of cancerous cells [@b0255]. However, according to Xue*, et al.* [@b0260], the cytotoxicity of AgNPs against HepG2 cell line has a positive correlation with the concentration of AgNPs. The direct contact of AgNPs with HepG2 cells may bring an increase in cytotoxicity, generation of reactive oxygen species (ROS), induction of apoptosis, and mitochondrial injury, which may increase the cellular oxidative stress that leads to killing of cancerous cells.

Morphological analysis of HepG2 {#s0080}
===============================

The cells in the control group appeared in normal morphology and were attached to the surface whereas the cells treated with AgNPs suspensions lost their normal shape and cell adhesion capacity to the surface and were shrunken and decreased the cell density. The similar kind of changes in the morphology of different cancer cells treated AgNPs have already been reported Al-Sheddi, Farshori, Al-Oqail, Al-Massarani, Saquib, Wahab, Musarrat, Al-Khedhairy and Siddiqui [@b0170]. The change in the morphology of cells might be due to the fact that AgNPs and associated capping groups after penetrating the cells stimulate the necrosis mechanism to induce cytotoxicity [@b0265].

Conclusion {#s0085}
==========

The supernatant of Ag-resistant *B. safensis* TEN12 was used for the intracellular biosynthesis of AgNPs. The UV--vis spectroscopy and FTIR analysis revealed the production of AgNPs stabilized by the alcoholic group and capping proteins. Moreover, XRD, SEM, TEM, and EDX analysis revealed that the biogenic AgNPs were present in a spherical shape with an average particle size ranging from 22.77 to 45.98 nm. AgNPs showed potential bacteriocidal effect against human pathogenic bacteria *S. aureus* and *E. coli* and anticancer activity against cancer cell line HepG2. The biological synthesis of AgNPs possessing antibacterial and anticancer activity will help to develop a symbiotic association between medical science and nanoscience to control the fatal diseases in a more efficient way. However, future investigations are needed to evaluate the effect of biogenic AgNPs on the beneficial microbiota and normal cells as well as animal trials for their large-scale applications.
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